The purpose of this study was 
Introduction
Patterns of fetal loss in dairy cows and women are similar: both experience spontaneous abortion at comparable frequencies (10% versus 12-15%, respectively; Kline et al, 1989; Thurmond et al, 1990a, b; Thurmond and Picanso, 1990 ) and the duration of gestation for cattle (284 days) and women (270 days) is comparable (Anderson, 1991) . Spontaneous bovine fetal loss is defined as fetal death between gestational day 42 (clinical recognition of pregnancy per rectum) and gestational day 260 (Thurmond and Picanso, 1990) . Spontaneous human fetal loss is defined as fetal death before the 28th week of pregnancy (gestational day 196) . It should be noted that many human epidemiological studies delimit the period at risk for fetal loss to the period after clinical recognition of pregnancy (5-7 weeks after the last menstrual period) until the 28th week (Kline et al, 1989) . In cattle, the distribution and period of greatest risk for fetal loss, after clinically recognized pregnancy, is similar (peak incidence at 6-18 weeks; Thurmond et al, 1990a, b; Thurmond and Picanso, 1990) to that described for women (peak incidence at 7-19 weeks; Wilcox et al, 1988; Kline et al, 1989; Hertz-Picciotto et al, 1989; Goldhaber and Fireman, 1991 (Kline et al, 1989) . In the remaining two-thirds of karyotypically normal aborted human fetuses, fever and infec¬ tion are significant risk factors for fetal loss (Kline et al, 1985) .
Similarly, many infectious agents have been associated with approximately 30% of bovine abortions (Anderson et al, 1991; Kirkbride, 1992a Kirkbride, , b, 1993  Knudtson and Kirkbride, 1992) , but most cases lack an aetiological diagnosis. However, the reported fetal age is consistently 2-3 months older than the period of greatest risk for abortion (Thurmond and Picanso, Primary or secondary zinc (Zn) deficiency has been sug¬ gested to be a causal factor in fetal loss, malformations, premature and postmature birth, and small-for-gestational-age infants in women (Hambidge et al, 1975; Jameson, 1976; Lazebnik et al, 1988; Cherry et al, 1989; Hinks et al, 1989; Keen and Hurley, 1989; Apgar, 1992; Keen et al, 1993a, b) , nonhuman primates (Keen et al, 1993b) , rodents (Keen and Hurley, 1989; Apgar, 1992) and sheep (Egan, 1972; Masters and Fels, 1980; Masters and Moir, 1983; Apgar, 1992) . In addition, periconceptional Zn deficiency has been associated with abnormalities in early embryonic growth in rats and mice (Hurley and Shrader, 1975; Peters et al, 1991) and karyotypic changes in severely Zn-deficient rats (Bell et al, 1975) . Zn supplementation has been suggested to reduce pregnancy complications and improve fetal growth and pregnancy out¬ come in women (Jameson, 1976; McMichael et al, 1982;  Cherry et Simmer et al, 1990) and typically managed sheep (Egan, 1972; Masters and Fels, 1980; Masters and Moir, 1983 (Hunt et al, 1984; Ghosh et al, 1985; Hunt et al, 1985; Austen et al, 1989; Mahomed et al, 1989; Apgar, 1992 (Thurmond et al, 1990b Thurmond and Picanso (1990) . Period of risk for abortion was defined as gestational days (Thurmond and Picanso, 1990 (Keen and Feldman, 1987) . Samples were wet ashed with nitric acid, as described by Clegg et al (1981) (Thurmond et al, 1990a (Sato et al, 1984) and humans (Grider et al, 1990; Thomas et al, 1992) , pregnant Zn-deficient rhesus monkeys were reported to have high plasma metallothionein concentrations (Keen et al, 1993b (Graham, 1991) . Endotoxin-induced inflam¬ mation has been documented to cause bovine abortion exper¬ imentally (Giri et al, 1990 (Giri et al, , 1991 . Increased risk of fetal loss has previously been associated with changes in antibody titres to gram-negative organisms (Leptospira) and common viral pathogens (IBRV and BVDV) in herds 1, 3 and 4 (Thurmond et al, 1990b (Kline et al, 1985) . Fever was noted to precede fetal expulsion by up to 62 days, but the odds of abortion were highest for fevers that occurred during the same month as fetal loss (Kline et al, 1985 Differences in periods examined for risk of fetal loss (i.e. weeks 0-12 and 12-28) can lead to bias in the interpretation of periods of greatest risk, as was previously suggested for women (Wilcox et al, 1988; Goldhaber and Fireman, 1991) (Stabel and Spears, 1989) .
Relationships between Cu deficiency and abortion in ruminants have been suggested before (Graham, 1991) , but appear to be confounded by multiple nutrient interactions. Similarly, Zn deficiency is associated with an increased incidence of oppor¬ tunistic infections and fetal loss in many species (Keen and Gershwin, 1990; Graham, 1991; Apgar, 1992 (Mahomed et al, 1989 ).
However, enrolment in the study at < 20 weeks of gestation appeared to be well after conception and the period of greatest risk of fetal loss. Supplementing typically managed ewes with Zn before pregnancy results in higher fertility (Egan, 1972; Masters and Fels, 1980; Masters and Moir, 1983 per group if a reduction in the incidence of abortion from 10% to 5% is to be discerned (Fleiss, 1972 
